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Decisions: Cost of Doing Nothing Analysis

1. INTRODUCTION TO COST OF DOING NOTHING

Thedcost of doing nothingrefers tothe estimatedlosseghat the State of Maine and its citizensuld
incur if the Statadoesnot adapt to climate changand make its own contributiasto reducing the
extent of climate changelhe cost of doing nothing is primardetermined based by damage incurred
by climaterelated hazardsbut we have also included &ess insequestrationassociated with potential
climate hazards.

Acost of doing nothingnalysis serveseveral

Economic layer

purposes. First, it helpghe Stateset an economic

(W baselineof the costst will incurif Mainedoes
not undertakeadaptation or mitigatioraction,
| coststhat can be avoided anthat can
Hazard layer Estimate annual loss Probability addtlona”y be WelghEd agamSt the costs of

$ takingaction Second, itlefines the benefits of
A — Y — \*’@% adaptation and mitigation actions, she State

can selecthose actions that have the greatest
I chance of reducing damages from climate
change.

Degree of damage

u Understandinghe coss of doing nothing
provides perspective on the potential benefits of

doing something (i.e., mitigation and adaptation

strategies. Thus,Eastern Reearch Group (ERG) develophdsecost of doing nothingstimates

together witharelated report on the cosbenefit and coseffectiveness of various adaptation and

mitigation strategiesto helpinform strategy recommendations frorite Maine Climate Qancil

Working Groups.

We note thatMaine should notonsider costasthe sole deciding factor in choosingjtigation and
adaptation strategies, but ratheriewthem in combination with detailshat the working groupgrovide
on feasibilityand timing,aswell asconsiderations oéquity inhow different groups wilshare therisks
and burdengelated to climate changdt isalsoimportant to keep in mind the limitations of each cost
we evaluated, as this repoftcuses on thoséhat are readily quantifiable.

To develophis cost of doing nothinginalysisERGirst completeda statewidevulnerabilityassessment

to identify key characteristics of communities as well as infrastructure and other assets most vulnerable
to climate mpacts The teanthen ran an economic assessment of damages to those communities and
assets under a naction alternative We interseced the hazard layer (e.g., flooding, heat) with an
economic layer (e.g., the value of housing, the value of ecosysterhglpevaluate the exposed value

to the hazard. When feasible, we incorpordtine extent of damage (e.g., a depttamage curvéhat
considers hovthe depth of floodingstied to damagein addition tothe extent of flooding, which

allowed us tanove from calculatinghe exposed value to a damage or loss. Finally, veel to

incorporate the probability of the hazard to move from the damage associated with an event to an
expected annual loss over time, which provides more insight into accounting ofitsesied costsTo

quantify the cost®f lost carbon sequestratiodzy RS NJ (1 KS & R2 , BRS iiséditye3aciala OSy I NA
cost of carbon, whiclAppendix Adiscusses in detailn mostchapters of thigeport, ERG estimates

WERG 6
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Decisions: Cost of Doing Nothing Analysis

exposure. In many cases, ERG also made credible jumps to assess lassdgzinyghow the value of
the asset or job woulthe lost or damageby a climate hazards or climate change.

We dividedthe overallcost of doing nothinginalyss into

distinctsub-analyseghat are relevant to one or more of Key Terms
GKS al AyS [/ fskworkindgrolgaddgre A f Q&
subcommittee LossThe actual reduction in value.

Hazard:The driving force that creates

9 Buildings]nfrastructure,andHousingWorking the reduction

Group -

_ _ ExposureThe probability that the
Coastahnd Marine WorkingGroup reduction will occur at any level of
CommunityResiliencé®lanning PublicHealth, climatechange.
and EmergencylanagementWorkingGroup Vulnerability: A value couldbe reducel

q by climate changadentified by the co
location of a hazard and potential Igss

1 Naturaland WorkingLandsworkingGroup vulnerabilitywhichchanges with the

q extent of climate change and hazards.

EnergyWorkingGroup

TransportatioriWorkingGroup

I Scientificand TechnicaBubcommittee

Each subanalyssincludes an overview of theproposed

strategy, results from theost of doing nothing analysis, methoalsd limitations, and
recommendations for detailed studie@ur estimates relatéo a subset of the strategies proposed by
the Maine Climate Council working group@} we fill data gaps and receive more information ftbm
sixworking groups and thec&ntific and Technical Subcommittege could expand the scope of this
cost of doig nothing analysis

FUTUREQLIMATE SCENARIOSAND PROJECTIONS

Representative Concentration PathwayRCPs)This report explorethe costs of inaction on climate
changg, which requireaus toadopta set of assumptions about hawe climatewill change over the
coming deadesNotably,no one actually knows the extent or pace of climate change, so adaptation
strategies must begin with a choice by policymakers of how much climate change to prepdieefo
most common wayo do thisA & 6 A8 K & & §¢R &ld3¥R rafe& usidgkeéRCPswhich are
greenhouse gasoncentration trajectoiesadopted by the Intergovernmental Panel on Clim@tearye.
TheRCPsare & follows:

1 RCP2.60nepathwaywhere carbon emissionsstart decliningin 2020 Thisassumesnajor and
immediatereductionsin emissionsand cgpsglobaltemperatureriseat 2.8 degrees-(compared
to 1850¢1900).

1 RCP4.%mnd RCP6.0Twointermediatestabilizationpathwayswhere emissiongleclineafter
2050andglobaltemperaturesriseby 4.3and5.4degreesrespectively.

1 RCP8.50nehighpathwaywhereemissiors continueto riseto end of century.Thisisalso
knownasthe & 0 dza ksfdZa @zcénaricandleadsto a globaltemperatureriseof 7.7 degrees
Fby 2100.

WERG 7
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Decisions: Cost of Doing Nothing Analysis

TKS albAyS [/ EAYFGS [/ 2 dpy=<&htdr—{ChS7ES—+5R
Technical Subcommittee recommended that  \\/hat isHighest AstronomicalTide (HAT)?

ERG capture impacts of che change across : . . .
all four RCP® the extent possibleWe have HAT is theslevation of the highest predicted

emphasized RCP4.5RCB.5 becausehere is astronomical tide expected to occur at a specific
near Consensus tha.he global community has tide station over the National Tidal Datum Epoch
missedthe window forRCP2.6 (standard timeNOAA uses to measure sea level

trends)¢ HAT visualizes a worsase flooding

Sealevelrise:In consideringhe effects of scenario

these RCPs on sea levisk specificallythe

Science and Technical Subcommittee Why project sea level rise on top of it? ,
recommenddthat the MaineClimate Council | ! ¢ T LILNEEA Yl GSa al Ay«

consider an approach of committing to manage Poundary of coastal wetlands throughl A yifte O
climate changdor a certain higheprobability, ~ { U I Mahdatory Shorelandoning Act. As such,
lower-hazardscenarioas well apreparing to HAT is an important proxy for a regulatory
manage for a loweprobability, higherhazard boundary that allows communities to see how
scenario Thehigherprobability, lower-hazard ~ boundaries might change in the future.
scenarios ar@ssociatedvith the intermediate
scenario fromSweet et al(2017)and were
applied in alflood damage exposureandbeach erosiomapping in this reportas shown iTablel.!

Tablel. Sea Level Rise Scenarfggplied Throughout This Report
Flood Hazard

: Year Climate Projection
ScenarioMapped
HAT +1.6 ftsealevel | 2050 Likelyrange 67%probability sea level risés betweenl.1¢ 1.8 ftin
rise 2050
HAT +3.9ft sealevel | 2100 Likelyrange 67%probability sea level risés between3.0¢ 4.6 ft in
rise 2100

This likely range girojectionsincorporates the centraand 5percentestimates of the Fourth National
Climate Assessmefdr RCP8.9t also includes the percentprobability forthe Fourth National Climate
AssessmenRCP4.Bstimate(Hayhoe et al., 2018)

To capturea lowerprobability, higker-hazardscenariothe ERG team an8icience and Technical
Subcommitteeseleced an additional scenarithat representsthe intermediatescenario forsea level
rise in2100 plus a Annualpercentchanceof storm surgeThis additional scenariwas applied in all
damage and inundation mapping andlisscribed inrable2.

! Note: These sekevel rise projections are relative to 2000 water lev&lse analyses we performegpically
assessed damage startingd02(Q thus, a few inches of sea level rise higady occurred bg020

WERG 8
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Table2. Additional Sea Level Rise Scenariysplied Throughout This Report
Flood Hazard
Scenario
HAT +8.8ft sealevel {2100 HAT + 3.9 ft of sea level rise + 1% annual chance storm
rise OR
Central estimate for a higbea level risscenario for 2100

Year Climate Projection

In analyzing impacts to blue carbdhe ERG team also considergalt marsh response to sea level rise
in terms ofthe intermediatescenariodistedin Tablel above (with the addition of HA® 1.2 feet for
2030impacty. The ERG teampplied sightly different scenariofor eelgrassesponse to sea level rise
based orbestavailabledata. Specifically, @grasgyrassexposure scenarios araean higher high water
(MHHW) + 1, 2, and 4 feet of sea level rise (corresponding to 2030, 2050, and 21€€gsénarios are
within two-tenths of a foot of theintermediatescenarios fromSweet et al(2017)

Riverine flooding While the sea level rise maps in this repsibwsealevel riseinducedflood risk
along tidally influenced riverbankdatawere notavailableto showchangingiverineflood riskacross
Maine. As such, th&RG team appligederal Emergency Management Agency (FEMA) 1 percent and
0.2 percent annuathance floodisk mapswhichpresenthistoricalflood risk forrivers, lakes,
watercourses, and coastal flood hazard aréagestigation of current flood risknpactsis the best
alternative given thaglobal flood risk models do nagreeon whether thel00-year flood will increase
or decrease in Mainander future climate conditionfHirabayashi et al., 2012rnell & Gosling, 2016)
These existing FEMA dathow the Stateo planfor existing flood risks and areas whdteoding could
becorre more sevee, withintense floods becoming more frequefe.g.,aflood 0.2 percent chance
flood intensitymay occur with the same frequency as thpercentannual chance floodver the
coming decadés

EVALUATINGIMPACTS TQJOBS ANDGROSSDOMESTICPRODUCT(GDP)

We usedaregional economic modeling toohlledREMI to estimat@otential adverseimpacts of

cimatechange y al AySQa S02y2YAO .Wdaltifitdally dexgadsed economiS& & S NJ H
output inone specific industry at a time &xplore howthe state economy would react to a shock in

specific industrieswWe reducedndustry output for a specific industry at a linear rate frarbaseline of

0% in2020 t0-50% in2050 InTable3, we seethat A Yy S Q& SO2y2YA O 2dziLizi ¢ 2 dzf |
the year 205@lue to this reduction in the tourism sector, while it would decline over 18% due to a 50%

decline in winter tourisnoutput.

Methods: REMI is a dynamic inpattput modeling software. It can be used to measure the economic
changes that occur in different industries because of an economic shock such as a decrease in output for
a certain industry, or several lost jobsarsector. To assess the multipliers that REMI uses to model
changes through the economy, we added changes to single or groups of industries for a single year and
saw how this impacted the economy in the short and long term. We assess four single or@roups
industries: fishing, forestry, tourism, winter tourism, and agriculture. For tourism and winter tourism,

ERG extracted a list of the sectors involved in tourism from the Bureau of Economic Avayssed

three different scenarios to assesstheimpac 2y al AySQa G201t 2dziLdziz | &A
industry lost 50% of output for the year 2020 (initial), an increasing shock over time where the reduction
in output was increasing linearly between 2020 and 2050 so that it rea&@8d by the yar 2050

(increasing), or a constant shock-60% output for every single year between 2020 and 2050.

WERG 9
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ResultsWe ran REMI between 2019 and 2050, including an ouiput revenuefeduction for the

specific industry (or grouping of industries in the cakthe two tourism examples). These three

different scenarios for each industry show the negative impact over time that a different economic
shock can have on a region over time. For example, in the Forestry, constant scenario, we used the
WC2NBAARBAYHAR AYRdAzZAGNE | yR (KS 2 dzi Ldzi-50%foNA | 6t S Ay
every year 2020 to 2050. The results are showing the decrease in output across all industries every five
years so the entire Maine economy would see a 0.22% loss in outphug year 2050 because of this
decreased output in the Forestry and Logging industry. Additionally, if the Tourism industry, identified in
the footnote, increased between 2020 and 2050 at a linear rate due to a climate issue like sea level rise
(Tourism,ncreasing scenario), the entire Maine economy would see over an 8% decrease by the year
2035 and over a 15% decrease in output by the year 2050.

Tablew9 al adz GALX ASNE 2F alAySQa 902yz:

Percent ... Year/PercentChange
Shock 2020 2025 2030 2035 2040 2045 2050

Farm -50% Constant -0.96 -0.93 -0.92 -0.95 -0.99 -1.03 -1.08
Fishing -50%| Constant -0.72 -0.76 -0.71 -0.72 -0.74 -0.75 -0.76
Forestry -50% Constant -0.22 -0.24 -0.22 -0.21 -0.22 -0.22 -0.22
Tourism [a] -50%| Constant -14.66| -16.08] -15.75] -16.32 -16.6| -16.89| -17.19
Winter Tourism [b] -50%| Constant -16.18| -17.43| -17.15] -17.87| -18.46| -19.07 -19.7
Farm -50%| Increasing -0.03 -0.18 -0.33 -0.49 -0.66 -0.84 -1.04
Fishing -50% Increasing -0.02 -0.14 -0.26 -0.37 -0.48 -0.59 -0.71
Forestry -50% Increasing -0.01 -0.04 -0.07 -0.1 -0.13 -0.16 -0.19
Tourism -50% Increasing -0.47 -3.14 -5.7 -8.22| -10.66| -13.18 -15.72
Winter Tourism -50% Increasing -0.52 -3.41 -6.23 -9.11| -12.03| -15.16] -18.43
Farm -50%| Initial -0.96 0 0 0 0 0 0
Fishing -50%| Initial -0.72 0.01 0 0 0 0 0
Forestry -50% Initial -0.22 0 0 0 0 0 0
Tourism -50%| Initial -14.66 -0.05 -0.03 -0.1 -0.04 -0.06 -0.06
Winter Tourism -50%| Initial -16.18 0.02 0.01 -0.08 -0.03 -0.04 -0.05
Notes:

[a] Tourism Industries: Retail trade, Scenic and sightseeing transportation and support activities for transportation,
Consumer goods rental and general rental centers, Travel arrangememés@vation services, Educational services;
private, Museums, historical sites, and similar institutions, Amusement, gambling, and recreation industries,
Accommodation, Food services and drinking places, Other miscellaneous manufacturing

[b] Winter Tourisn Industries: Ventilation, heating, aionditioning, and commercial refrigeration equipment
manufacturing, Other transportation equipment manufacturing, Other miscellaneous manufacturing, Wholesale tr
Retail trade, Educational services; private, Saeetsports, Amusement, gambling, and recreation industries,
Accommodation
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2. FORESTSNATURAL WORKING LANDSAND CARBONSEQUESTRATIO

2.1. INTRODUCTION

2y { Revedu8sQand lIvE€sengrd Y &

Forestscovernearly 90percent2 T a | tdtay'aBe@ and
sequester over 6@ercentof its annual carbon emissior{aine
Climate Council Scientific and Technical Subcommittee, 2020)
Moreover,the state has over 17 million acres of forests and over
460,000acres of agricultural lan(Daigneault et al., 2020)
However, some of these lands are currently under threat of

Applicable Working
Group(s)

A Building, Infrastructure

developmentAs land use practicesovetoward development ) Housmlg o M
and away from protecting natural lands, tladility of the A Coastal and Marine
agricultural soils and forests to sequester carbon will diminish ~ * EN€ray

X Natural Working Lands

Diminished arbon sequestration is not the ontpncern for . -
A Resilience

forests and agricultural langthe changing climate will also impact
themin known and unknown ways, possiliinpacting jobs.

2.2. CARBONSEQUESTRATION
2.2.1.Results

Using the methods outlineoh Section 2.2.2ERG calculated the total carbon sequestrapotential
(Tabled) lost to landuse changes. The total amount of cartseyuestrationiost by 2030 would be over
42,000tons of carbon equalinga social value afearly$2.3million (Table4) and a market value ajver
$0.2 million Lostcarbonmitigationwould equalover 150,000 tonsf carbonby 205Q for a social cost
of $6.5million and a market value ajver$1.1million. Usingthe upper estimate of the social cost of
carbonwould result ina cumualtiveloss of$7 millionby 2030,nearly$33 mllion by 2050, and over
$167 million irsequestration valudy the year 2100.

Table4. Total Grbon SequestrationLost Due to Land Use Changes

CarbonSorage Cumulative LowerSocial Upper Social Market Price of
Year Losteach Year CarbonSorage Cod of Carbon Cost of Carbon Carbon (20199)
(Tons) Lost (Tons) Estimate (2019$) Estimate(2019%)
2030 3,854 42,392 $2,368,891 $7,092,25§ $221,588
2050 5,781 158,008 $10,809,364 $32,933,19¢ $1,178,603
2100 7,708 543,394 $54,119,042  $167,592,26¢ $11,468,96(

Note: SeeAppendix Aor more detail on the social cost and market price of carbon.
2.2.2. Methods
ERG calculated the amount of carbon that could be lost due to land change practices until the year 2100.
2.2.2.1Data

To calculate the amount of carbon sequestration lasta result ofand use changes, ERG udeel

estimates outlined iMable5 of total acreageand change icarbonper year (flow) for both agricultural
lands and forestBBased on suggestions from thatural and Working LandsafkingGroup, we

estimated landusecharges to be 10,000 acres per year between 2020 and 2030, 15,000 acres between
2030 and 2050, and 20,000 acres between 2050 and HRG split théotal devebped land
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proportionally between forests and agricultural lamtlVe then calculatedhe total carbonstorage per
acre per year and split the total land lost per year proportional to the amount of total acreage between
agricultural lands and forests.

ron sy s O QOUEQ o OQUEQ
YE 0QNUQD QD1 ———20 We0E § 0 ——=——20 W& 0O
wwl Q wwl Q
Where:
C = Carbon
F = Forest

A = Agricultural

To calculatehe social cost of carbon, wextrapolated9 t !Irf@eéagency Working Grouj2016)values
out to 2100(seeTableA-3) using a linear scale based on #neragedifference between the 2020 and
2050 valus,then convertedthe value t02019 dollars. Similarly, for the market value of carbon, we
extrapolatedvalues fromTableA-4 out to 2100 We then multiplied the totalcarbonby the cost to get
the total market value and social costs.

Tableb. Model Parameters

Parameters ‘ Forests \Agricultural Lands Source
Total land (acres) 17,502,904 460,904 Daigneault et al(2020)
Carbon flow (tongarbonyear) | 7,151,000 -228,000 Bai et al(2020)

2.2.2.2 Assumptions

Usingcurrentconversion rates from agricultural lands and forests to developments, the Naiodal
Working Land$VorkingGroup estimated that Maine will lose approximately 10,000 acresabdiral
lands (forests and agricultural lang®r yearbetween 2020 and 203@hat estimateincreaseto 15,000
acres between 2030 and 2050 and to 20,000 acres between 2050 and 2100.

2.2.2.3Limitations

Our approach hadeveralimitations. Firstcurrentland u® practices are not consistent year to year
and aswe extend those projected changes into the fututtee variability becomesnuch less certain
though the average will not vary as wideSecondthe amount of carbon stored in both agricultural
lands andforests is highly variablend using a single value for eatiay result in ovegstimatingor
underestimating these value$hird,based on oufand lossstimates, we used a proportional loss for
agricultural lands compared to foredtsat equated to between 2.5and 3 percentagriculturallosswhich
may be the trend over many yeadbsit is unlikely tabe the caseén any given year
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2.3. NATURAL LANDSJOBS ANDECONOMICS
2.3.1. Forest Industry

While the majority of counties and census tracts in Maioaot heavily ref on the forestry sectqf
several regiongo, asshown inFigurel. These data from InfoUSA showthat the northern region of
Somerseounty, along with several census tracts in Aroost@olnty, are much more dependent on
forestry as a percentage of overall jodiover 8percent Increasing temperatures in Maine would make
winter conditions and employment less predictafi@iloglu, Lieffers, & Anderson, 2019)

FigurelwSf I G A @S 9 YL} 2RkosS yidustrg By Censud THfastQ a

N ~ _
Maine Census
, 47 T Tracts (2015)
Percent of
Individuals
Employed in

Forestry-Related
Businesses

0% - 1.12%
1.13% - 3.09%

3.1% - 7.63%

B 764%-187%

T '_.B:“‘a\_n‘gor :
S ).
| Adgusta
VN @I
S 'Bangor
| Portland .Augusta_
B .
0 20 40 80
— — \Viles

Service Layer Credits: Esri, Garmin, GEBCO, NOAA NGDC, and other contributors

2 Forestryrelated industries includéorestry andlogging forestry servicesforestrymachinery and equipment
merchant wholesalerdorestrymachinery and equipment rental or leasjrigrestryresearch and development
laboratories or servicesndforestrymachinery and equipment repair and maintenance services.
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2.3.2. Agricu Itural Industry

In 2017, crops accounted for @krcentof revenueson Maine farmswhile livestock accounted for 39

percent Theimpactthat climate changavillhave2 y 2206 a& Ay al Ay S%sanclead NA Odz G dzN
increases in temperature could hayotential positive effects such as a longer growing season.

However, as temperatures increase, the risk of severatherincreaseshe potential of negative

impact toagricultural jobgMaine Climate Council Scientific and Technical Subcommittee,.2020)

shownin Figure2, agriculturaljobsmake upa small proportiorof the job market comprisngless than 1

percentof jobsin mostcensus tract®f Maine* That percentage increases in parts of Aroost@bkinty

and insome census tracts in other regioméhere agriculture comprisesver 10percentof jobs

While the agricultural industrgiccounts fora relatively small proportion of jobs, thmpactthat a

reduced output of agricultural and food processing can have on jobs in those sectors is siglfR&ant
used REMI to measure the impadtreduced farm and farmelatec? output by deceasing output

linearly up to 5Qpercentbetween 2020 and 2050.able6 shows he resulting percent loss in jobBhe
decrease in agriculterrelated output would have eelatively proportional response in job loss between
2020 and 20501t would alsoreducethe state GDBy around 1.2ercentby 205Q while total
employment would decrease by Op@grcent There is further detail on the REMI tool in the Introduction

section

Table6. Impact of Decreased Output on Agricultwieelated Jobs
Year

Industry 2020 2025| 2030 2035 2040 2045 2050 |
Support activities for agriculture and fores{ -1.5% -8.8% |-16.3% -24.3%q -32.49%4 -40.7% -49.4%
Animal foodmanufacturing -2.3%)-13.0% -22.8% -32.0%4 -41.1% -50.1% -58.8%
Dairy product manufacturing -1.8% -10.9%4 -20.0%4 -29.3% -38.6% -48.0% -57.4%
Animal slaughtering and processing -1.7%-9.9% |-18.1% -26.494 -34.6% -42.9% -51.2%
Other foodmanufacturing -1.7%-9.9% |-18.2% -26.5% -34.8% -43.1% -51.5%

3 Agricultural industies hcludecrop production;animal production and aquaculturéarm labor contractors and
crew leadersfarm machinery and equipment manufacturingggulationof agricultural marketing and
commodities;farm management service$armand garden machinery and egpment merchant wholesalers; and
nursery, garden center, and farm supply stores.

4 Thisemployment data comes from InfoUSA.

5 Farm and farnrelated industries includéarms, animal food processing, dairy product manufacturing, animal
slaughtering and processing, and other food manufacturing.
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Figure2. RelativeEmployment in the Agricultural Industry byCensusTract

N &
( pooy Maine Census
A =R Tracts (2015)
Percent of
Individuals

-- Employed in
Agriculture-Related
Businesses
0% - 0.73%
0.74% - 2.61%

2.62% - 6.44%

B 5% - 12.43%

= Bangor
°

| fPortIand Augusta

0 20 40 80
e \iles

Service Layer Credits: Esri, Garmin, GEBCO, NOAA NGDC, and other contributors

2.4. CLIMATEIMPACTS ONFORESTRY

Carbon sequestration in forests is exceedingly importantedducegreenhouse gases in Maine,
sequestering over 6percentof i K S Zadnual &n@siongMaine Climate Council Scientific and
Technical Subcommittee, 2020)howgh landuse changes may be the largest threat to this
sequestration, other concerrexistfor forests in Maine. Maine has higlopulationsof non-native

pests, manyf which areincreasing as a result ofimate change. The ranges of both pests and native
species are set to change with increased temperatared unpredictable precipitation even{Maine
Climate Council Scientific and Technical Subcommittee, 2020)
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alAySQa | @SNIX 3IS (SYLISNI (dzNB dharltheBationd dverag@Maiey ONB I 4 S
Climate Council Scientific and Technical Subcommittee, 20B8%e changes campact theavailable

wood supply and future composition of the forests. With expected warmer temperatures anshiess

sprucefir forest types will likely decline along their southern habitat range, though they will likely be

replaced by birch and maple species as more forests become mixed fores{Igpewiak et al., 2018)

The overall productivity of forests is hard to predict becaailEnger growing season due to warmer
temperatures will allow somepecies to thrive while others will decligglaine Climate Council Scientific

and Technical Subcommittee, 2020)

Winter harvestingbenefitsforests by providing a frozen forest floavhichdecreagsnegative impacts

on soilsfrom heavy machinergKuloglu, Lieffers, & Anderson, 201dpwever, risindemperatureswill
result infewer frozen daysncreasinghe amount of labor and equipment needed to harvest the same
amount of woodasa cold season A modeling study in Alberta, Canadiemonstratedthat the

increased costs paubic meterof wood harvestill increase2.8to 5.3 percentby 2050 if temperatures
continue torise,asthe number of shutdown days due to warm temperatures incregsadoglu,

Lieffers, & Anderson, 201%urthemore, interviews withloggersrevealed thathey compensate for
shifting harvesting patterné @ a2 @SNB SAIKGA Y I ¢ R dzNRitierzhoudeNI y & LJ2 NI | 4 A
Rissman, 2015)his practice can creatinsaferoad conditions or increase the need forad
maintenance(Rittenhouse & Rissman, 201%hough there are strongdications thatdoing nothing will
negatively impacboth harvesting and transportatiomany stakeholders are still uncertain about
additional effectscreating an increased finaial risk for loggers that stay in the indus{Geisler,
Rittenhouse, & Rissman, 2016)

2.5. CLIMATEIMPACTS ONAGRICULTURE

Carbon sequestration from agricultural laill play a large role in addressing climate change in Maine

FYR FOKAS@GAY3 GKS {0 (S Q~&roteentafyricudiufal lahtisNeikey yo caftdrdzi NI £ A
capture. However, pressing issues threaten agricultural production. The two mainrasmetated to

climate change are an increased number of extreme precipitation evag@$nches of precipitation per

day) and increased hegMaine Climate Council Scientific and Technical Subcommittee,.ZD@M)gh

these climate changes could have some positive impaetshwill undoubtedlyhavenegative effectas

well.

Annualprecipitation averages across seasons are expected toiloeimMaine compared to other

states; howeverthe number ofextreme precipitation eventéiin/day)are expected to increase over

GAYS YR L12aS aA3IyAFAOl yi { kweiBeClindate TaunchScienyifs @d | I NA
Technical Subcommittee, 202@xtreme precipitation events causeany negative impacts. While

irrigation can assist farmers in drought conditions, draining excess water is more challenging. This

increased moisture also threatens the numberiefd days that farmers can work and can cause shifts in

the planting seasorgs well agrop loss through rotting seeds. It can also negé#fiimpact livestock

health(Maine Climate Council Scientific and Technical Subcommittee,.2020)

Increased heat will have several contrasting effects on agriculture in Maameaxample, the growing
season haslready begun tdast longer potentially increasinghe growth and yield of somerops while
negatively impacting other@irkel & Mayewski, 2018Rising temperaturesould also require fewer
heating costs but may counteract that benddit requiringhigher cooling costs$:inally, increased heat
could lead to heat stredsr workers, livestock, and crofgvolfe, et al., 2018)
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3. BLUECARBON

3.1. INTRODUCTION

Climate change would contribute to the loss of blue carbian,
carbon that is sequestered coastal and marine ecosystems Applicable Working Group(s)
This analysis examines losses dueda level ris¢o two

resourceseelgrass and salt mars@limate change drivers such as .. -

warming waters would also impaceaweed(includingfucoids A Buildings, Infrastructure

and kelp) but this analysis does not quantifiyese lossesThe X é—lousmlg d Mari
dataERG used ithis analysis come larefrom the Maine A Er?:i;? and vianne

ClimateCouncilCoastal andMarine Working Goup (2020a) We
guantifiedlossedrom carbon sequestration using ttemcial cost
of carbonand market price of carbqmwhichAppendix Adiscusse
in more detail.

A Natural Working Lands
A Resilience
A Transportation

3.2. RESULTS

Table7 presents the baseline stock§eelgrass, salt marsh, and seawdey’ al Ay SQa O2 | &G f
representing the maximum exposuoé these resources to climatthange impacts.

Table7. Baseline Stocky Resource

Resource Baseline | Units |
Eelgrass 99.89 km?
Saltmarsh 73.20¢ 92.40 kn?
Seaweed 418.98 Gg

SourcesMaine Dept of Marine Resource?010;Maine Natura
AreasProgram 2014;Bartow-Gillies, 2020Witman & Lamb,
2018; Topinka et al., 198[kland Institute 2020;Maine Climat:
CouncilCoastal and Marine Working Groug020a

Taken togetheandconsideringhe lower boundsocial cost of carbonalug eelgrass and salt marstiss
due tosea level risequalslosingbetween$0.5million and $£.1 million by2030, $0.6 million and £.8
million by 2050,and $.5 millionand $2.4 milliorby 2100(Table8). Using the upper bound social cost of
carbon estimate wouldeasult in losses that are approximately three times this higtiween $1.4

million and $6.4 million in 2030, between $1.9 million and $8.7 million in 2050, and between $2.4
million and $12.6 million in 210Qsing the market cost of carbomonetized losseare comparatively
smaller, ranging from approximately $0.05 million to $1.6 million, depending on the year and estimate
used Ecosystem services lostnount tobetween $34.4 million and $257 million, depending on the

year and estimate used
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Table8. Summary of Area Lost and Social Cost ot B0rial Loss (Eelgrass and Salt Marsh)
Ecosystem Services

Resource/ Sea Level Social Cost o€umulativeCQ Market Cost ofCumulativeCQ

Year Rise (ft) Burial Lost (2019%) Burial Lost (20193%)
[a] High  Low ] High ] High E] Estimate A Estimate B

Eelgrass
Baseline | Mean lower| 99.89 99.89 0.00 0.00 T T T T T

low water

(MLLW

2030 MLIW +1 97.17 94.33 2.72 5.56 $60,574] $217,925 $6,461 $23,243 $4,832,795 $4,832,795
2050 MLLW +2 96.51 92.69 3.38 7.20 $103,876 $389,443 $14,953] $56,062| $8,732,102 $8,732,102
2100 MLIW +4 94.33 87.90 5.56| 11.99 $285,053 $1,081,891 $116,465 $442,031 $36,619,161 $36,619,161
Salt Marsh
Baseline T 73.20 92.40 0.00 0.00 T T T T T T
2030 HAT .2 12.50 31.70| 60.70| 60.70 $392,614 $1,874,82¢ $41,875 $199,962 $99,544,106 $29,518,83(
2050 HAT+1.6 16.40 35.60 56.80| 56.80 $500,386 $2,451,164 $72,033] $352,856  $135,440,264 $40,163,485
2100 HAT 43.9 36.50 55.70| 36.70| 36.70 $478,627 $2,918,92¢ $195,554 $1,192,595  $223,098,694 $66,157,734
Total
2030 T 109.67| 126.03] 63.42| 66.26 $453,188 $2,092,753 $48,335| $223,205 $104,376,901 $34,351,626
2050 T 112,91 128.29| 60.18] 64.00 $604,262 $2,840,606 $86,986| $408,918  $144,172,367 $48,895,587
2100 T 130.83] 143.60| 42.26| 48.69 $763,680 $4,000,819 $312,019 $1,634,626 $259,717,854  $102,776,895

[a] Eelgrass and satharsh response to sea level rigg alignswith the time-based sea level rise projections describethi Introduction to this report.
[b] For eelgrass, the lower bound social cost estimate reflects the low area lost estimalt@aasdcial cost of carbon estimate. For salt marsh, it includes the low area
remaining estimate, low area lost estimate, and low social cost of carbon estimate.
[c] For eelgrass, the higher bound social cost estimate reflects the high area lost estimidt®v social cost of carbon estimate. For salt marsh, it includes the high are:
remaining estimate, high area lost estimate, and low social cost of carbon estimate.
[d] For eelgrass, the lower bound market cost estimate reflects the low areadtistate and the point estimate for the market cost of carbon. For salt marsh, it include
low area remaining estimate, low area lost estimate, and the point estimate for the market cost of carbon.
[e] For eelgrass, the higher bound market cost estanaflects the high area lost estimate and the point estimate for the market cost of carbon. For salt marsh, it incl

the high area remaining estimate, high area lost estimate, and the point estimate for the market cost of carbon.

Sources: Maine Demtf Marine Resources, 2010; Maine Natural Areas Program, Batthw-Gillies, 2020McLeod et al., 2011; Drake et al., 2015; Roman et al., 1997; Kr
et al., 2017; Interagency Working Group, 203gnergy Energy Economics, 2020; Costanza et al., [0\ OCVNHDESandERG2016; Taylor, 201BEA 2020; Maine
Climate Council Coastal and Marine Working Group, 2020a.
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3.3. METHODS
3.3.1. Data

This analysiprimarily relies ordatacompiled by theéMaine ClimateCouncilCoastal and Marine
Working Groug2020a)°® which draw on state agency resources, pegriewed journal articles, and
other publiclyavailable reports. The sections that follow dethiésedata and low ERGusedthemto
produce the estimates shown in Secti8r2. We first discuss our data source for the social cost of CO
and then discuss each coastal resouraddeass, salt marsh, and seaweed) in turn.

3.3.1.1Cost of Carbon

We monetized elgrass and salt marsbssesausing boththe socialcostand marketpriceof CQ. The
values used foblue carbonin particular are describebriefly below. For additional discussion
monetizing carbonseeAppendix A

Socialcost of carbon: Thesocial cost of carbomaluesin this sectioraredrawn fran 9 t ! 2(M1&
Interagency Working Groupwer bound 8 percentmodel averagegstimatesand converted to dollars
per gigagram Gg for use in conjunction with theelgrass and salt marsh estimates provided by the
Maine Climate Council Working Gro(geeTableA-3 in Appendix A

Asdiscussed il\ppendix Athe Interagency Working Grop016)also provides igher bound,95"
percentile estimatdor the social cost of carbomhich is approximately tlae timesas high. Théables
that follow do not show theresults of theblue carbon analysis using this ©9percentie estimate, but
thoseresultsare mentioned in the text.

Table9. Lower Bound Social Cost of GQJsed in BlueCarbon Analysi:

Year| 2007/ Metric Ton 20072019 Multiplier| 2019§ Metric Ton ~ 20199Gg

2030 $50.00 1.21 $60.74]  $60,736.22
2050 $69.00 1.21 $83.82  $83,815.9¢
2100 $115.11 1.21 $139.82 $139,823.45

Sources: Interagency Working Group Social Cost of Greenhouse Ga2€4.6; BEA, 2020.

Market price of carbon: Themarketprice of carboruses estimatethat Synergy Energy Economics
(2020)developed for MaindasedonL / @18&)Regional Greenhouse Gas Initiatprice forecas{see
Appendix Aor more detai$) converted to dollars per Gg.

Table10. Market Priceof COQ

Year 20189Short Ton 2019$2018$Multiplier | 20199Short Ton  20199Gg

2030 $5.78 $1.02 $5.88 $6,477.88

2050 $10.76 $1.02 $10.95  $12,065.6¢

2100 $50.94 $1.02 $51.83]  $57,128.05

Sources: Synapgtnergy Economics (2020) based on ICF (2018).
6¢KS alAyS [/ tAYFOGS [/ 2dzy OAt [/ 2FaGFft | yRMaAOMWE BATA2 NJ Ay 3
NEEDS & LINBI RaKSSi o
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3.3.1.2Ecosystem Services

OEcosystem servicésre the servicegprovided byecosystems and their associated species that help
sustain and fulfill human life, either directly or indirectlincludingboth tangible and intangible services
such as foodglean water and ajiflood control, aesthetic beauty, or recreational opportunit{d8$OAA
OCM, NHCP, and ERG 2016; Troy, 20h2se services can be monetized to capture the value they add.
For eelgrasand seaweed, ERG includes values for the services that have been previously monetized
(although this is unlikely to represent a comprehensive valuation of the services prpvided

Foreelgrass we sum estimates for two servickem aNational Oceanic andtmospheric
Administration Office for Coastal Managemé¢NOAA OCMNew Hampshire Department of
Environmental Services Coastal ProgfathlCR)andERQ2016)report:

1 Commerciafishing(eelgrasgprovidesnurseryhabitat andforageareafor commercialy fished
speciesandaswarmingwatersreduceeelgrasstocksthe commerciafish landingswill be
reduced.

1 Nitrogenremoval(eelgrasseducesthe amountof nitrogenin the water column,leadingto
reducedexpendituredfor wastewatertreatment by neighboringtowns).

Theeelgrass commercial fishingstimate is drawn fronthe NOAA OCM, NCHP, and ER@ 6)analysis
of the ecosystem services providedtyS 6 | | Y L& KA NB Q& Udny B i INR .LIK& O9 &1 INdzly NEBF
approach thattarts with the primary productivity of the ecosystethe estimatecalculates the amount
lost in successivelyigher parts of thedod chainlt begins with an estimate thdienthic faunal
productionof eelgrass is 175 grams of dry weight pgmper year equivalent t0708.2005kgof dry
weight per acre per yeaAssuming dry weight is 22 percent of wet weight yiglgproximately
3,219.09kgwet weight per acre per yeabf this, 4 percent is estimated to remain in the tropic level
associated with commercially fished specigsldingapproximatelyl28.8kg wet weight per acre per
year(3,219.09x 0.04).ERG monetizedtis estimate using landings and total revenue data for New
Hampshire by species for 2042014, which resulted in a value of $4.64 ggr Multiplying the128.8kg
wet weight per acre per yeastimate by $4.64 per kg yieldpproximately$598 per acre per yeafin
2015 dollars)For this analysis, wepnvert thatestimate to a dollar pekm? value and inflate from 2015
dollars to 2019 dollars using thigureau of Economic AnalyS§iBEAY)#2020)implicit price deflator for
GDP resulting in an estimate &158,432per km? per yearin 2019

Theeelgrass nitrogen removastimateis also drawn from thdlOAA OCM, NCHP, and ER@ 6)
analysisThat estimate is baskon Coleand Moksne€¥2016)estimate that eelgrass removes 12.3 kg of
nitrogen per hectare per yeaor67 pounds of nitrogen per acre per ye#e monetized his nitrogen
removal usinga NOAARegionaEcosystem Services Research Prog@t5)estimate of $68 to $77 per
poundin the Great Bay Estuary. For this estimate use the midpoint of those two estimate®72.5Q
resulting in approximatel$4,858per acre pewear in 2015 dollars {®x $72.50) Converting to a dollar
per km? value and inflating from 2015 dollars to 2019 dollars using ttge ! (ZDZ0)implicit price

deflator for GDPresultsin a value of$1,287,722%er km? per yearin 2019

Forsalt marsh we use two partially overlapping estimatdsstimate Acombines three estimates from
two sourcegNOAA OCM, NCHP, and ERG, 2016; Costanzaaf@(8tludes:
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1 Commerciafishing(saltmarshprovidesnurseryhabitat and forageareafor commercialy fished
speciesandaswarmingwatersreduceeelgrasstocks the commerciaffish landingswill be
reduced.

1 Nitrogenremoval(saltmarshreducesthe amountof nitrogenin the water column,leadingto
reducedexpendituredfor wastewater treatment by neighboringtowns).

9 Hurricaneprotection (saltmarshandother coastalwetlandsreducehurricanedamagesn
coastalareas).

Estimate Bomesfrom one sourcgTroy, 2012and includes several services for stad/saltwater
wetlands:

Aestheticand amenity

Disturbanceregulation

Gas/atmospherigegulation

Habitat refugium

G h G Q8zNIi dzNJ f ¢

Recreation

= =/ =4 =4 =4 4

Thesalt marsh commercial fishingalue used in Estimateif drawnfrom the NOAA OCM, NCHP, and
ERQ2016)analysislt begins with an estimate that the primary productivity of marsh grasses is 500
grams of dry weight pem? per year in New England marshasd benthic microalgal productide 106
grams of dry weightgr squarem? per year for a total of 606rams of dry weight pem? per year, or
2,452,397grams of dry weight per acre per yeAissuming dry weight is 22 percent of wet weight yields
approximatelyll,147kg wet weight per acre per yeddnly 0.16 percent of this productivity is
estimated to remain in the tropic level associatidh commercially fished speciggielding
approximatelyl7.8kg wet weight per acre pgrear (L1,147x0.016) As with the eelgras commercial
fishing estimatea value of $4.64 per kg is applied, resulting in approxim&@&®/per acrger year(in
2015 dollars)For this analysis, we convert that estimate to a dollarlpef value and inflate from 2015
dollars to 2019 dollars uginthe. 9 ! (ZD20)implicit price deflator foiGDR resulting in an estimate of
$21,895per km? per yearin 2019

Thesalt marsh nitrogen removavalue used in Estimateif also drawn from thlOAA OCM, NCHP,
and ERG2016)analysisThat estimate is based ddrake et a) @015)finding that salt marsin the
Rachel Carson National Wildlife Refirg®laine andParker River Nation&Vildlife Refugen
Massachusettsemovesbetween 2.8 and 11.3 grams of nitrogen petper year or between25 and
101 pounds of nitrogen per acre per yedheNOAA OCM, NCHP, and ER®.6) analysiases the
midpoint of that range63 pounds of nitrogerper acre per yeatAs with eelgrassyve monetized
nitrogen removal usinthe midpointt $72.5G of the NOAARegional Ecosystem Services Research
Progranf2 @015)estimate of $68 to $77 per pound in the Great Bay Estulris results in
approximately$4,568per acre per year in 2015 dollars3(8$72.50). Converting to a dollar plem?
value and inflating from 2015 dollars to 2019 dollars using tte ! (ZDZ0)implicit price deflator fo
GDPresults in a value ¢#1,210,84%er km? per year in 2019.
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Thesalt marsh hurricaneprotection value used in Estimateigdrawn fromCostanza et & (2608)
regression modedf the value of coastaletlands for hurricangrotectionfor U.S states By comparing
the damage from major hurricaneisat hit the Atlantic and Gulf coastsetween1980and 2004with the
I NBdstankayet a008)&alculate@® dlfiCade piotddtian K =
value of$770.10 per hectare per yefor Maine(in 2004 dollars). Convertirtg a dollar pekkm? value
and inflating from 2015 dollars to 2019 dollars using .th@ ! (ZDZ0)implicit price deflator folGDP
results in a value ¢§102,049per km? per year in 2019.

O2Fadlft

GSUT YR

Theaggregatedsalt/coastal wetlandsvalueusedin Estimate Bs drawn from¢ N2 (20Q2Z3ecosystem
service valuation foMaineand includeseveral ecosystem services:

= =/ =/ =4 =

Aestheticand amenity ($436per acreper yearin 2011dollars)

Disturbanceregulation($371per acreper yearin 2011dollars)

Gas/atmospheriaegulation($5 per acreper yearin 2011dollars)

Habitat refugium($117peracreperyearin 2011dollars)
& h G B 8z2NJi (829pefaéreperyearin 2011dollars)
Recreation($450per acreperyearin 2011dollars)

Summing these values results in a tota$p@f399per acre per year in 2011 dollaiGonvertingad a
dollar perkm? value and inflating from 2015 dollars to 2019 dollars using tie ! (ZDA0)implicit price

deflator forGDPresults in a value &$395,818per kn?? per year in 2019.

We projected he value of these e@ystem services ifuture years(2030, 2050, and 2100)ing the
average annual increase in the9 ! (ZDA0)implicit price deflator foilGDR 1.89 percent.

Tablell summarizes the ecosystem services estimates used for eelgrass and salt marsh.

Tablell Ecosystem Services Valug019$km?/year)

Eelgrass SEULYETE]
Commercial Nitrogen : Commercial Nitrogen  Hurricane : .
GDP
Year Multiplier Fishing Removal - Fishing Removal Protection Estimateln EsimaeB
a b c=a+hb o ‘ @ F 9= (: o h
2019 1.000{ $158,432 $1,287,722 $1,446,154 $21,895 $1,210,843 $102,049 $1,334,787 $395,818
2030 1.229 $194,652 $1,582,111 $1,776,763 $26,901| $1,487,659 $125,378 $1,639,936 $486,307
2050 1.786 $283,029 $2,300,433 $2,583,462 $39,114) $2,163,094 $182,303 $2,384,512 $707,104
2100 4.554|  $721,543 $5,864,637 $6,586,18( $99,716/ $5,514,510 $464,758 $6,078,983 $1,802,663

SourcesNOAA OCM, NCHP, and ER@6; Costanza et al., 2008; Troy, 2@RA 2020.

3.3.1.3Eelgrass

For eelgrassye estimatedhe baseline eelgrass area of 991882 from -15 feet to 0 feet MLLWusing

the Maine De@rtment of Marine Resource®010)geographic information systen®($ layer, which is
O2YLIRaAGS 2F Ydzf GALX S
between 200%2009 (Maine ClimateCouncilCoastal and Marine Working Grgug0203. To calculate

al

adz2NpSe

&SI N&

a dzOK
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the area lostwe usedow and high estimates based on a vertical depth uncertainty of 3.28 fEalble
12 shows the baseline area, estimated area lost¢a level risby year, remaining area, and percentage
of the baseline area lost.

Tablel2. Eelgrass Baseline Area, Area Lost, and ArBamaining by Year
Sea Baseline Areﬂ Area Lost km?) Area Remainingkm?) % Area Lost

Year Level (km?) Low Loss\ High Loss Low Loss High Loss Low Loss High Loss
Rise(ft) a | f=b+a g=c+ra

Baseline 0 99.89 0.00 0.00 99.89 99.89 0.0% 0.0%

2030 1 99.89 2.72 5.56 97.17 94.33 2.7% 5.6%

2050 2 99.89 3.38 7.20 96.51 92.69 3.4% 7.2%

2100 4 99.89 5.56 11.99 94.33 87.90 5.6% 12.0%

SourcesMaine Dept of Marine Resource®010;Maine ClimateCouncilCoastal and Marine Working Group
2020a

Tablel3 shows the amount of eelgrasslated carbon burial lost by yeaNe estimated arbon burial
rates using data fronvicLeod et al(2011) whichpresentslow and high burial estimates based on the
meanof 138grams of carbongQ/m? yearwith a standard error of 38. Carbon is converted to
equivalent C@using a factor o#4/12.8 We calculated thdurial amount lost by multiplying thiew and
high amounts of eelgrass ardast by the low and high carbon sequestration rates aadbonto CQ
conversiorfactor, then dividng by 1,000to yield Gg C&equivalent amount lost per year.

Tablel13. Eelgrass Carbon Burial Lost byear
CarbonSequestration

Rates (gC/Year) C t_o (0(0) Burial Amount Lost (Gg G&quivalent/Year)
~— | Equivalent . : .
: . . . Low Burial High Burial
Year | Low Burial High Burial Conversion Low Loss ‘ EEE Low Loss EEE
A j k=(bxhxj) I=(cxhxj= m=(bxix])) n=(cxixj)=+
+ 1,000 1,000 + 1,000 1,000
Baseling 100 176 3.6667, 0.000 0.000 0.000 0.000
2030 100 176 3.6667, 0.997 2.039 1.755 3.588
2050 100 176 3.6667, 1.239 2.640 2.181 4.646
2100 100 176 3.6667| 2.039 4.396 3.588 7.738

SourcesMaine Dept of Marine Resource2010; McLeod et al., 201Maine ClimateCouncilCoastal and Marine Working
Group 2020a

To monetize the burial amount lostie multipliedthe amount lost from each of the four burial/loss
scenariogfrom Tablel3) by thelow-boundsocialcostandthe marketpriceof CQ in each yearffom
Table9 and Tablel0) (with the results shown ifablel4). Using the upper bound social cost of carbon
estimate results in values that are approximately three times as high as those shavablil 4, ranging
from approximately $0.2 million to $3.4 million depending on the yaraat low/burial estimates used.
Appendix Aprovides nore information on the highand lowbound social cost of carbon estimates.

" Thisestimate was rounded to 100 K y WMECSCM&WG ! ¢ !
figure here.

8ThisSAGAYIFGS 61 &d NRdzyRSR (2
unrounded figure here.
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Tablel4. Eelgrass Socialand MarketCost of C@Burial Lost 20199

oSt O @B al Lost 20199
0 of ©r pe = =
O ». a O » a
ea 0 20199
O O 0 O O O O O

O D O 0 O O 0,
Low-Bound Social Cost
2030 $60,736 $60,574 $123,821 $106,611 $217,925
2050 $83,816 $103,876 $221,274 $182,822 $389,443
2100 $139,823 $285,053 $614,711 $501,694 $1,081,891
Market Price
2030 $6,478 $6,461 $13,206 $11,371 $23,243
2050 $12,066 $14,953 $31,853 $26,318 $56,062
2100 $57,128 $116,465 $251,154 $204,978 $442,031

SourcesMaine Dept of Marine Resource®010; McLeod et al., 2011; Interagency Working Group, 2016;
Synergy Energy Economics, 2020; BEA, 20&ite ClimateCouncilCoastal and Marine Working Grgug020a.

To estimate the ecosystems services vdhst, we multiply the ecosystems services value in each year
(from Tablell) by the eelgrass area lost under each sea level rise scenario Tibial2). This results

in values beween $4.8 million and#.0million (seeTablel5).

Ecosystems Service
Year Value (2019%)

Tablel5. Eelgrass Ecosystems Services Lost (20199%)
Cast of Ecosystems Services Lost (2019%)

Low Loss High Loss
t u = bxt vV =cxt
2030 $1,776,763 $4,832,795 $9,878,807
2050 $2,583,467 $8,732,102 $18,600,927
2100 $6,586,18( $36,619,161 $78,968,29¢

Sources: Maine Dept of Marine Resources, 2010; McLeod et al.,[20KA OCM, NCHP, and ERG
2016;BEA 2020; Maine Climat€ouncilCoastal and Marine Working Group, 2020a.

3.3.1.4SaltMarsh

The salt marsh analygisflects several conflictingfluences on the ability of salt marsh to sequester
CQ:

Theability of healthy saltmarshto sequesteiCQ

1
1 Loswof saltmarshareadueto sealevelrise (whichreducesCQ sequestration)
i Tidalmarshrestrictions(whichreduceCQ sequestration)

1

Tidalmarshrestrictions(whichalsoincreasemethaneemissions)

We usedidal marsh mappingata on baseline salt marsh area frdhe Maine Natural Areas Program
(2014) We only includedalt and brackish marsbécausdreshwater marsh does not have the same
CQ/methanesequestration and emissiapotential). The low area estimate includes the initMaine
Natural Areas Programapping effort, which did not attempt to map areas smaller than a certain
acreage or fringingharshes. The high area estimate is drawn fromene Coastal ProgragBartow
Gillies, 2020y esktop amlysis ofall coastal marshes using the National Wetland Inventory, aerial
images, and other GIS topblndit includes marshes of all sizes and types.
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The estimate of the area lost due $ea level risés based othe Maine Natural Areas Programarsh
migration model, with the assumpticihat ono current marsh habitat will keep pace wiba level rise
(i.e, thatthey will not accrete enough sediment witea level riséo maintain vegetation), and only
new marsh will be formed at higher elevatid@r(#1aine Climate Council Coastal and Marine Working
Group, 2020a)

Tablel6 summarizes the baseline area, area lost under esmzhlevel risscenario, area remaining, and
percentage of area lost teea level riseNote thatsalt marshes experience suddand majorlossunder
the 203@;1.2-foot sea level risscenario but therstart to slowlyregain groundn future years. This
modeling resulis becausemarshesnaymigrate as additionadea level riseeaches areas of low
flatlands, wetlands, and creskvhere marshes have more potential for lateral expansibthese
modeling assumptions holthen the majority ofsalt marsh losses will occur in the next 10 years,
making neaterm marsh adaptatio maximally effective.

Tablel6. Salt Marsht Baseline Area, Area Lost, and Area Remaining by Yea

Sea Baseline Areakm?) Area Lost Area Remainingkm?) % Area Lost
(km?)

{ ReveduBsQand Ivesangre Y & 3

Year Level Low Are High Are Low Area High Area Low Area| High Area
Rise(ft) a | b | ¢ | d=ab e=bc f=cta| f=ctb
Baseling 0.0 73.2 92.4 0.0 73.2 92.4 0.0% 0.0%
2030 1.2 73.2 92.4 60.7 125 31.7 82.9% 65.7%
2050 1.6 73.2 92.4 56.8 16.4 35.6 77.6% 61.5%
2100 3.9 73.2 92.4 36.7 36.5 55.7 50.1% 39.7%

SourcesMaine Natural Areas Prograra014;Bartow-Gillies, 2020Maine ClimateCouncilCoastal and Marine
Working Group2020a

In marshes vinere a road or other crossimgstrictsthe full tidal flow and cycle, carbon sequestration is
significantly reducegand estricted marshesanbecome net methane emitterwhen they have salinity
less than 1&arts per thousandppt.) Tidal flow crossings that can cause restrictions includleerts,
bridges, dams, dikes, causeways, road grades, railroad grades, trails, and dirfreEldaine Coastal
Programestimated thenumber of current and future tidal marsh crossings usinghtaéne Natural
Areas Prograrmarsh migration scenariass wel asmodelingof where futuremarsh migration areas
and the corridors to those areas wouddbss culverts, bridges, dams, etc.

The percentage of tidal marsh crossings that restrict flows is basadiesktop analysis of current
conditions, with restrictin assessetlased on the presence of upstream or downstream scour, different
vegetation community type, or culvert per¢BartowGillies, 202Q)This analysis suggests that between
336 and 347 of @ crossings (91 to 94 percérare restrictive. These same percentages are assumed to
hold in the future as well. Multiplying the number of tidal marsh crossings in future years by the
percentage that restrict tidal flow yields the number of tidal marsh crossing restrictions in fysare
(seeTablel?).

To estimate methane emissions due to tidal crossing restrictiwas;alculatedhe current level of
methane emissions due to restrictions by dividing the point estimate, @& by the low and high
marsh area fronTablel6 and then averagd those percentages. This results in an estimate of
approximately 48 percent, which is assumed to hold in future y&8d+ 73.2 = 53ercent and 39.1
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+ 92.4 = 4ercent the average of 5percentand 42percentis 48percent)® (This estimate assumes

that the tidal restrictions cause the marshes to have salinities of less than 18Aspthen multiplied

this percentagdy the low and high remaining marsh area to estimate methane emissions in each future
scenario (sedablel?).

Tablel7. Salt Marsht Methane (CH) Emissiondue to Tidal Marsh Crossing Restrictions

Number of Baseline % Tidal Number of Tidal Average Ck "
. : . . CH Emissiondue to
Tidal Marsh Marsh Crossings V\J Marsh Crossing Emissions pe Restrictions km?)
Crossings  Restricting Tidal Flo Restrictions Marsh Area
Low [ Low High (km?) Low Area High Area
_ . m = ((n+ a) + —
| = hxj (Oj(b))+)2 0=mxe
Baseling 368 368 91.3% 94.3% 336 347 47.87% 39.100 39.100
2030 534 545 91.3% 94.3% 488 514 47.87% 5.983 15.173
2050 542 553 91.3% 94.3% 495 521 47.87% 7.850 17.040
2100 619 630 91.3% 94.3% 565 594 47.87% 17.471 26.661

SourcesMaine Natural Areas Prograra014;Bartow-Gillies, 2020Maine ClimateCouncilCoastal and Marine Working
Group 2020a

Tablel8 shows the estimates used to calculate sequestration, emissions due to methanogenesis, and to
convert carbon taCQ equivalent. The low sequestration estimate is dranom Drake et al(2015) and

the high value from Rman et al.(1997) For emissions due to methanogenesis, both the low and high
values are drawn frorKroeger et al(2017) Carbon is converted to equivalent 4@ing a factor of

44/12.10

Tablel18. Salt Marsht Emissions Factors ancabonto CQ Equivalent Conversion

Emissions Factors Used in the Carbon Burial Calculations

C to CQEquivalent

CSequestratlon(gC/nf—yr) C Emssmn@\/lethanoggness) \ Conversion
High Low High
q r s t
Baseling -74 -256 8.4 41.6 3.6667
2030 -74 -256 8.4 41.6 3.6667
2050 -74 -256 8.4 41.6 3.6667
2100 -74 -256 8.4 41.6 3.6667

Sources: Drake et al., 2015; Roman et al., 1997; Kroeger et al.,\8ihg ClimateCouncilCoastal and Marine Working
Group 2020a

Tablel9 estimates sequestratioremissions due to tidal restrictions, and emissions due to
methanogenesis, sums these to calculate net carbon burial, and calculates the loss of carbon burial by
finding the change () in each future year from the baseline. Four scenarios are calculateainlyining

the low and high burial estimates (frofable18) with the low and high marsh area remaining estimates
(from Tablel6) and the sequestration and emissions factors (frbatlel7).

b23S dKFG gKAES GKAEA SadAYFdS gla NRddzyRSR G2 nyon LISNL
use the unrounded figure here.
Ph2iS GKIFIG gKAES dKAa SadAYFdS g1 & 2NP dey'RISR bi929 55[A¢li K SNJ o ¢

spreadsheet, we use the unrounded figure here.
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Tablel9. Salt Marsht Net Carbon Bual (Gg C@Equivalent/ Yea)

Sequestration

Emissions
(RESEIS))

(Methanogenesis)

Baseline -19.86 10.61 1.20 -8.05 0.00
2030 -3.39 1.62 0.18 -1.58 6.46
2050 -4.45 2.13 0.24 -2.08 5.97
2100 -9.90 4.74 0.54 -4.63 3.42

Baseling -25.07 10.61 1.20 -13.26 0.00
2030 -8.60 4.12 0.47 -4.02 9.24
2050 -9.66 4.62 0.52 -4.51 8.75
2100 -15.11 7.23 0.82 -7.06 6.20

Baseling -68.71 36.70 5.96 -26.04 0.00
2030 -11.73 5.62 0.91 -5.20 20.84
2050 -15.39 7.37 1.20 -6.83 19.22
2100 -34.26 16.40 2.66 -15.20 10.85

Baseling -86.73 36.70 5.96 -13.26 0.00
2030 -29.76 14.24 231 -4.02 30.87
2050 -33.42 16.00 2.60 -4.51 29.24
2100 -52.28 25.03 4.07 -7.06 20.88

Sources: Drake et al., 2015; Roman et al., 1997; Kroeger et al.,\8ihg ClimateCouncilCoastal and Marine Working

Group 2020a

The final step for salt marsh is to calculate the social cost eb@@l lost by multiplying théow-bound
social cosaind marketprice (from Table9 and Table10) by the lost burial amounts in each of the four
scenariogfrom Tablel9) (with the results shown ifiable20). Using the upper bound sociebst of
carbon estimate would result in values that are approximately three giagehigh as those shown in
Table20, ranging fromapproximately$1.2 million to $9.2 million, depending on tlyear and marsh

area estimate used.
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Table20. Salt Marsht Social and Market Cost of@ Burial Lt (20199

O B al Amo enario g & gh B al Amo O g &0
O O @pe 0
0 ale ed 0 ale
e 0199
O Area 0 a Area 0 a Area s Area
alO ap alO a( ad a0l A a alO a a0

Low-Bound Social Cost
2030 $60,736 $392,614 $561,258 $1,265,744 $1,874,82§
2050 $83,816 $500,386 $733,115 $1,610,627 $2,451,164
2100 $139,823 $478,627 $866,87(Q $1,516,73(C $2,918,92¢
Market Price
2030 $6,478 $41,875 $59,862 $134,999 $199,962
2050 $12,066 $72,033 $105,535 $231,857 $352,856
2100 $57,128 $195,554 $354,180Q $619,694 $1,192,595

Sources: Drake et al., 2015; Roman et al., 1997; Kroeger et al., 2017; Interagency Working GroSyn2édy Energy
Economics, 2020; BEA, 20R@ine ClimateCouncilCoastal and Marine Working Grau2020a.

To estimate the ecosystems services value lost, we multiply the ecosystems services value in each year
(from Tablel1) by the salt marsh area lost under each kaeel rise scenario (fromablel6). This
results in values between $4.8 million and $79.0 million {Beae21).

Table21. Salt Marsht Ecosystems Services Lost (2019%)
Ecosystems Services Value (2019$j Cost of Ecosystems Services Lost (20

at | au = cxat

Ecosystems Services Estimate A

2030 $1,639,93€ $99,544,10¢
2050 $2,384,517 $135,440,26*1
2100 $6,078,987 $223,098,693
Ecosystems Services Estimate B

2030 $486,307 $29,518,83(
2050 $707,104 $40,163,484
2100 $1,802,667 $66,157,734

Sources: Maine Dept of Marine Resources, 20A€l.eod et al., 2011; Costanza et al., 2008AA OCM, NCH
and ERG2016; Troy, 201 BEA 2020; Maine Climat€ouncilCoastal and Marine Working Group, 2020a.

3.3.1.5Seaweed

For seaweedye did not calculatéhe amount lost due to a lack of data availabilifable22 shows the
estimated baseline stock of different categories of seaweed in Mdine.Maine Climate Council
Caastal and Marine Working Group estimateddiintertidal seaweed stockgucoids)by multiplying50
fresh kg/m(Topinka, 1981by the length of the coastline (8,047 kad thenby 1,000 to convert km to
m. Wild subtidal seawes(includingsugar kelp, horsetail kelp, and shotgun Redpestimatedoy
multiplying2.05 fresh kg/m(a rough estimate using theverage foiCashed.edge (Witman, 2018y
the length of the coastline (8,047 km) and then1h§00 to convert km to miVe took theestimate of
farmed subtidal seaweegkelp)t 325,000poundsper year from the Island Institut€2020)report and
then convertedt to kg Wethen convertedeach of thesdo Gg of carbno using theMaine Climate
CouncilCoastal and Marine Working Grad@ S atliak39 peicedit of seaweed is carbon.
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Table22. Seaweed Baseline Stocks

\ Seaweed Stocks (kg) % of Seaweed = C Seaweed Stocks (Gg ¢

Wild Intertidal Seaweed (Fucoid: 402,350,00( 30% 181.06)
Wild Subtidalseaweed 16,477,956 30% 7.42
Farmed Subtidal Seaweed 147,418 30% 0.07
Total 418,975,374 30% 188.54

SourcesWitman & Lamb, 2018; Topinka et al., 19B&land Institute, 2020Maine ClimateCouncilCoastal and Marine
Working Group2020a

Although we did not quantifgeaweed lossedue toalack of datathe stock couldonceptuallyincrease
due toincreases in farmed edible seaweaad decrease due toisingtemperatures. The Island Institute
(2020) report estimates that the current level of farmed seaweed (147,418 kg) could increase to
between698,532and2,705,678g by 2035, with a best estimatd 1,387,993g.

TheMaine ClimateCouncilCoastal and Marine Working Groafso estimates that the percentagd
farmed and natural annual biomass production contributing to carbon sequestration in sedsveed
between4.30and 18.89 percent, with a mean estimate b®.92percent(based on the mean and
standard error presented iKrauseJenserand Duarte[2016)).

3.3.2. Assumptions

This section notes the assumptiotteat the analysisised for each coastal resource, as specified by the
Maine ClimateCouncilCoastal and Marine Working Gro(gbme of which have been mentioned already
in Sectior3.3.1).

3.3.2.1Eelgrass
TheMaine ClimateCouncilCoastal and Mame Working Groumssumeathe followingfor eelgrass

1 TheMaine Departmentof Marine Resource2010GISlayeris the bestpossibleestimate of
eelgrassareacoastwide.More recenteelgrassareacalculationsare possiblefor CascdBay
(2018),BelfastBay/Northport(2019),andthe Piscataqua&iver/PortsmouttHarbor(2019).
However becauseeelgrasdedsinherentlyexpandand contractfrom yearto yeardueto a
multitude of factors(sealevelrise,water quality, light availability, macroalgacompetition,
invasivespeciesfoulingorganismsjce scour,vesseland mooringimpacts,etc.)andthe 2010
baselinesurveyis a compositeof 2001¢2009surveyshat includesthe entire coastof Maine, the
GlSayeris consideredhe bestpossibleestimateof eelgras areacoastwide.

1 Thedeepedgeof Maine eelgrasshedsis setat -15 feet MLLWbasedon the Maine Department
of Marinew S & 2 d2010&:Hr@sdayerandthe NOAACoastaReliefModel bathymetryraster,
whichdemonstratedthat approximately98 percentof Maine'seelgrasgesidesshallowerthan
or at -15feet MLLW Becausdight availabilitygenerallycontrolsthe deepedgeof eelgrasseven
a 1-foot increasein sealevelcoulddecreasdight availabilityand causebedsresidingseveral
feet shallowerthan-15 feet MLLWto recede.Therefore eelgrasdossescausedby sealevelrise
couldpossiblybe greaterthan thoseshownin Section3.3.1.2for nearerterm predictions
(2030;2050timeframe).

1 Thelow andhigh arealost estimatesare basedon a vertical depth uncertainty of 3.28feet (1
standarddeviation)dueto variationin actualwater depth. Thismagnitudeof vertical
uncertaintyoverwhelmsthe sealevelrise scenarioghat are lessthan 3.28feet, soinsteadof
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providinga singlevalueof lossfor eachspecificsealevelrise scenariowe providea rangeof
eelgrassareasvulnerableto eachfoot of sealevelrise.

1 Longterm burial ratesassumethat all eelgrassbedsare equally healthy and equally capable
of carbonsequestration.In reality, a rangeof burial ratesis necessarygoveringboth highly
functioningand/or long-presenteelgrasdedsaswell asthosethat are more ephemeraland/or
providelimited sequestratbn dueto poor health.

3.3.2.2SaltMarsh
TheMaine ClimateCouncilCoastal and Marine Working Groapsumes the following for salt marsh:

1 Nocurrent marsheswill keeppacewith sealevelrise by accretingsediment.In all marsh
migrationscenariosmarshareaexperiencesa net losscomparedto current2020conditions.
Thisis basedon the assumptiorthat no currentmarsheswill accretesedimentat a pacethat
maintainsthe elevationof saltmarshegelativeto the tidal floodingand duration necessaryo
maintainvegetatedcommunitieson marshplatforms.

1 Theanalysisonly includessalt and brackishmarshbecausdreshwatermarshareadoesnot
havethe samesequestratiorand emissiors potential.

1 Marsharealostdueto sealevelriseis basedon a "bathtub" GlSmodel usingsealevelrise
scenariodo predictfuture areaswhereelevationcouldsupportmarshhabitat. Thesescenarios
assumethat no currentmarshhabitat will keeppacewith sealevelrise(i.e.,the habitat will not
accreteenoughsedimentto maintain vegetation),and only new marshwill be formed at higher
elevations.Thismodelisnot basedonb h ! !S@akevelAffectingMarshesModel (SLAMM)but
rather is an elevationonly-basedmodel.

1 Thenumberof tidal marshcrossingghat resultin restrictions for presentconditionsis
assumedo hold under future sealevelrise scenarioshbasedon the current presenceof
upstreamor downstreamscour,different vegetationcommunitytype, or culvertperch.

1 Methaneemissiongalculationsassumeidally restricted areashavesalinitieslessthan 18 ppt;
however,the degreeof tidal restrictionand effect on salinityin eachof the marsheshasnot yet
beenfield verified.

3.3.2.3Seaweed
TheMaine ClimateCouncilCoastal and Marine Working Groapsumes the following foeaweed:

1 Thesuitable habitat for seaweedis just 1 meter wide alongthe entire coast,which
underestimatesactualbiomass Theaccuracyof this estimatewould improveif databecome
availableaboutthe fraction of the coastthat isrockyshoreline.

3.3.3. Limitat ions

For the ecosystem services estimates applied to eelgrass and salt marsh, limitations of this analysis
includethe following

1 Theecosystenservicesvaluesare not comprehensiveanddo not representall ecosystem
servicesor the total valueof serviceshata | A yeSoSyatemsprovide
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91 Dueto time andresourceconstraintsand a lackof Maine-specificdata, this analysisusedsome
valuesthat were developed for areasoutside of Maine, suchasNewHampshireand
Massachusetts

1 Similarly somevalueswere originally developedfor other ecosystemssuchaswetlandsmore
generally asopposedto saltmarshin particular, or developedfor an estuarybut appliedto salt
marshandeelgrasgshroughoutMaine.

For eelgrass, limitationd ¢his analysis includte following

1 Sealevelriseisassumedo be equivalentacrossthe entire Maine coastling althoughsealevel
rise calculationgnaybe lessaccuratealongportionsof the coastlinewith steeperascompared
to more shallowslopes Thisassumptionwasmadefor easeof analysisA more nuancedfuture
studywill be requiredto addressuncertaintiesin the eelgrassalculations.

1 Landwardmigration of eelgrasds not included. Landwardmigrationof eelgrassnto adjacent
intertidal habitat is possibleunlessphysicalestrictionsor disturbancepreventmovementor
survival(e.g.,naturalhard substrate shorelinefeatureslike bulkheadsdocks/piersmoored
vesselsaquacultureoperations,wild harvest,ice scour).Thisanalysisdoesnot includelandward
migrationbecausewne cannotcomprehensivelyleterminewhere movementcould/couldnot
occurwith reasonableaccuracyat this time.

1 Longterm burial ratesare basedon global seagras®stimates and are not specificto eelgrass.
Future estimatesmaybe ableto refine this limitation, asnoted in Section3.4 below.

For salt marsh, limitations of this analysis include:

1 Saltmarshmigration scenariosare basedon the low areaestimate but are alsoappliedto the
high areaestimate. Thehighestimateof marsharealost dueto sealevelriseis basedon the
currentextentof tidal marsh(whichincludessomeNationalWetlandsinventoryor aerial
imageryinterpretation), but the marshmigrationscenariosvere mappedand calculatedbased
onlyonthe low areaestimateextentfor tidal marsh.Therefore somediscrepancymight existin
the amountof future marshcalculatedunderthe highestimate,becausehe baseinput
numbersare not the same.

For seaweedye did not estimatdutures losseslue to a lack of dataand this analysisannotpresent
the cost of lost carbon burial for that resource.

3.4. RECOMMENDATIONS FORUTUREANALYSIS
Potential areas to refine douild on this analysis include:
1 Refiningor expandingon the valuationof ecosystenserviceghat eelgrassandsaltmarsh
provideandaddingecosystenservicesstimatesfor seaweed.

i Estimatingseaweedossesincludingdeterminingspeciesspecificrespongsfor the morethan
250specienf seaweedn Maine (dozensof speciesare harvestedor cultivated,somebuild
important nurseryhabitat, and othersare invasive.

1 Refiningthe estimateof subtidalseaweedareafrom the currentroughestimatebasedon
Casesledgeto reflectthe entire coastline.
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1 Lesseningerticaluncertaintyof eelgrasdossfor 6.94 percentof the coastlineusingthe
Universityof NewHampshire'€Centerfor CoastalDceanMappingJointHydrographicCenter
andMaine CoastaProgram'sproject-specifichigh-resolutionbathymetry.

1 Determiningeelgrassspecificlong-term burial ratesbasedon a forthcomingregion-specific
study (Novak,Acceptedin April 2020)rather than the currentestimate whichis basedon global
seagrass.

i Estimatinghe economidmpactof theselossesat agranulargeographicscale(e.g.,to the
fishingindustry,workingwaterfronts, or coastalrecreationbusinesse specificcitiesor
sectionsof the coas).
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4. FLOODRISK

4.1. INTRODUCTION

Sea level risand coastal floodingSea level risesia critical issue
in Mainewhere people economic drivers, anohfrastructurewill Applicable Working
feel the impacts of floodinar inlandover the coming decade Group(s):

ultimately makingsome coastal infrastructure unusable without

major reconstruction(e.g, raising roads). % Building Infrastruct
uilding Infrastructure,

Riverineflooding: This analysisonsiderghe impact ofcurrent Housing

riverine floodrisk2 y  a | A ¥ § Qigsartdl2cononmRiveiine X Coastal and Marine
floods (such as the.2 percentannual chancéood on the A Energy

Penobscot and Kenneb Rivebasisin 1987 caused by A Natural Working Lands
combination of rain angnow nelt are an existing risk in the state X Resilience

that may get worse with climate chang&he ERG team X Transportation

acknowledgeshe challenges of projecting riverine flood risk into
the future, specificallyl) some maps of existing flood risk in the
state are outdated and laclcauracyand LIDAR coveragand?2) global flood risk models do not show
agreement on whether th& percent annual chandood will increase or decrease in Maine
(Hirabayashi et al., 2012rnell & Gosling, 2016As such, thianalysidraws on the existig FEMA
National Flood Hazard maps as the best availatatewideto understand current flood risks &gaine
works to improve its flood resiliencéiven thdimitations of the FEMAnaps, they should be treated as
minimum risks and starting pointfor consideringiverine flood riskasimproved hazard maps and
projections are developed.

Flood risk (coastal and riverine) to infrastructur@hisanalysisof sea level rise, storm surge, and
riverine flood impactso communities, businges, andinfrastructureexamineslO wastewater

treatment plants or sewer districthat the Community ResiliencePlanning,Public Health, and
EmergencyManagementVorkingGroup classifiedas critical infrastructure vulnerable to flooding per
the Science and Technical Subcommifds@commendedsea level risscenarios. Flooded wastewater
treatment plants or sewer district facilities pose a significant threat to community resilience arid publ
health. When one of these critical facilities floods, raw sewage can contaminate community drinking
water and surrounding bodies of waterausing extensive environmental and safety hazardsen
floodingand contaminatioroccur incoastal and marine ags fisheries and hospitality industriesill
inevitably be impactedrurthermore, these treatment plants and sewer district facilities represent
significant community investment, and flooding can be costly. The working group further indicated that
the S@o and Machias Wastewater Treatment Plaauts considered a top priority to protect against
flooding.

4.2. RESULTS

Sea level risdlood riskto communities Assea levedrisetoward end of century, digh sea level
scenario in 2100 (central estimates0 percentprobability of being met or exceedgMaine Climate
Council Scientific and Technical Subcommittee, 262B)AT plus 8.8&et shows thatthe number of
high social vulnerability communities at risk to floodingreasesTheseare communities thaare likely
to struggleto prepare for and recover fromlimate-related hazards due to factors suah
socioeconomic status, minority status, household composition and disability, and housing and
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transportation(Johnson et al., 2018Volumel. Vulnerability Mappinglepicts theprogression of
communitiesincreasinglympacted by sea leveise. Figure3 showsimpacton high social vulnerability
communities under aea level risscenario of HAT + 8.8t (Eastern Reserach Group, 202@)pacts
to the communities arounéiarrington and Addison in Washington Courty well aghe island
communities ofVinalhavenKnox County) an8tonington and Deer Is{gélancock County¥tand outin
terms of their flood rislas seas risélhese are alsoommunities with a strong dependeaon
waterfront andshorefront industriesuch as tourisnports, ard fishing all of which wilbe heavily
disrupted byincreased flood frequency.

Figure3. Maine Social Vulnerability Index and Sea Level Rise (HAT + 8.8 ft)

High

Moderately Vuinerable  Most Vuinerable

Social Vulnerability Index (SVI) 2016

Low
Least Winerable

- 5086 5455 s3lg
0 510 20 by Llow =———————— High

e Miles Percent Area Lost to Sea Level Rise

Service Layer Credits: World Ocean Base: Esri, Garmin,
GEBCO, NOAA NGDC, and other contributors

Riverine floodriskto communities In considering riverinfoodingimpactson socially vulnerable
communities the towns ofGreenbush, Enfield, and Howlaad the PenobscoRiverare among those
showing ahigh social vulnerability ana high percentage dandexposedo 1 percentannual chane
(Figured) and 0.2percentannualchance floodingseeVolumel. Vulnerability Mapping Thoughthese
maps(based orFEMANationalHood InsuranceRate Map data) do not account for changing flood
patterns due to climate change, they point to best available datexastingflood risk.This assessment
does not specifically quantifynpactsto these communitiesneverthelessthese maps can helgfne
Maine Gimate Counciunderstandthe disproportional burderf climate impactswhichcanhelp the
Councildesign equitablesolutions.
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Figured. Maine Social Vulnerability Index andRercentAnnual Chang®iverine and Coastal
Floodplain (FEMA National Flood Hazard Layer)
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Flood(coastal and riverine)mpacts to buildings Table23 presents expected losses due to flood
damage to buildingsgilding loss, content®ss, invertory loss) Building loss representepair and
replacementostsfor buildingdamagebased orbuilding type(i.e., residential @rsusindustrial)
contents loss representgamages to supplies that are not integral to the building structsueh as
furniture or computers andinventory loss represesthe lossin total inventory valugor abusiness
based on its type of occupeyy area,andsales/productionFor example, if a supermarket flooded, a
building loss would be the cost of replagithedamaged floor, a contents loss would the loss from
damaged shelving, and an inventory loss would be the loss of food itesscalculatiors are based on
depth-damagefunctions(specific tobuildingtype) that estimate thepercentdamage to auilding
contents, or inventorat a given depth of flading. In the case of selevel rise the percentdamage
likely underestimateshe replacement cosfor assetghat experiene low depth but permanent
flooding(as repair will not be an optionis seh, the scenariodelow showing losslue toflooding at a
total water level oHAT plus 1.6¢kt, 3.9feet, and 8.&eet are likelyan underestimatecompared to the
total value that would be lost to permanent inundation frasea level rie at these water levels

Table23. CumulativeBuildingLossesDue to Sea Level Risend Rverine Hooding

Flood Hazard Scenario Climate Projecibn Combined Los§20185) [a]
HAT + 1.6 fea level rise Likelyrange 67%probability sea level risés | $512,097,000
(coastal) betweenl.1and1.8 ft in2050
HAT + 3.9t sea level rise Likelyrange 67%probability sea level risés | $671,024,000
(coastal) between3.0and4.6 ft in2100
HAT + 8.8 sea level rise Central estimate for a higbea level rise | $1,280,389,000
(coastal) scenario for2100
1%annualchanceflood (coastal, Present $610,090,000
still water elevation)
1%annualchanceflood (inland Present $1,805,784,000
riverine)

[a] Combined loss buildingloss +contentsloss +inventoryloss (Hazus outputs)

Volumel. Vulnerability Mappingncludesmaps showing thelistribution of potential building losses
across the state

Table23 above summarizegpotential damages due teeparate sea level rise ateimporaryflood
scenariosvhen, in reality, these hazards il occur concurrently over the coming decad&€s.model the
combined effects o$ea level rise and storms (small and &rgve created a simulation model and used
Monte Carlo methods taleterminethe possible effects of these increasing water leviéeRGnodeled
effects ofstorm surge®f varying frequencies anidtensitiesin Portland, Maine,between 1912 and
2018.0ur availabledata covered 4 5, 10, 25, 50, and 100year stormsBecauseur model covered
500year storms, we extended trends on all otlgtorms to cover 50§ear storms as well. We also
created ranges around these values to accommodate the distribution of surge that actually occurs
during a stormWe used the storm surgeshown inTable29 and thedamages from the sea level rise
scenarioshown inTable23, whichwe ran throughC 9 a 'H&zasmodel After running10,000 iterations
of this mode we found that themedian valudor cumulativedamagesto buildings between 2020 and
2050 was $17.5 bidin, with an80 percentconfidence intervabf $16.85to 18.16 billion(20189(Figure
5) 11

1 These modeled damages assumefed of sea level rise by 2050, aligning with a likely range of sea level rise
associated with théntermediatescenariofrom Sweet et al. (2017) of between lahd 1.8feet by the year 2050.
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Figureb. Total Storm Surge and Sea Level Rise Dam&géseen 2020 and 2050
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Flood impactgcoastal and riverinejo businessand employment Sea level risputs jobs at risk
becauseplaces of employment along the Maine coasdinlandstretchesof tidally influenced rivers

will be increasingly prone to flooding in the futu@imilarly, jobs are locatesithA y (G2 Rl 8 Q4 ™
percentannual chance floodplain. Tmeaps invVolumel. Vulnerability Mappinghow thedistribution of
jobs at risk to current anflture flooding Table24 summarizesdstannualGDRdueto reduced
employmentunderdifferent flood hazard scenarioacrosshe state

Table24. Statewide AnnualGDP Loss Due to Job Loss from FlBagosure
Potential StatewideAnnual

Flood Hazard Scenario Climate Projection GDP Los{201%)
HAT + 1.6 fsealevelrise Likelyrange 67%robability sea level risés | $118,756,887
(coastal) betweenl.1and1.8 ft in2050
HAT + 3.9t sealevelrise Likelyrange 67%probability sea level risés | $664,907,953
(coastal) between3.0and4.6 ft in2100
HAT + 8.& sealevelrise Central estimate for a higbea level rise | $2,415,031,308
(coastal) scenario for2100
1%annualchanceflood Present $1,197487,410
(coastal & riverine)
0.2%%annualchanceflood Present $1,449214475
(coastal & riverine)

Natural resource industriesafle Y LI2 NI I y i (2 .ddble2fhana ho® Exzfyd ¥onario
impacts thesendustries Qearly,flooding risk may lead to the greatest losgairismjobs, which
includetour operators, boat dealers, marinaRy parksaccommodationand food services (to name a
few examples from this diverggoupof jobs).This analysis of exposed job sites underestimates impact
becauset does not account for access to job sitéfgthe sites themselves are dithey may still
experiencdossif all access points to the site are flooded.
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Table25. Natural Resource Industry Jobs Exposed to Current and Future Flood Risk
Number of Employees Impacted by Natural Resource Industry

Flood Hazard Scenario

Forestry Agriculture Tourism Winter Tourism
HAT + 1.6 fsealevelrise 0 0 331 0
HAT + 3.9t sealevelrise 0 12 1,699 384
HAT + 8.8t sealevelrise 30 39 4,966 1,251
1%annualchanceflood 6 28 2818 425
0.2%annualchanceflood 8 28 3,196 486

We used our storm simulation model to assesstbeential impact of jobsost2 y G KS aidl 1SQa
employment and GDE&s a result of constargea level rise combined witlepeatedstorm surges We

modeled 10,000 simulations of the model and ran sevetaharios through REMI to see the impacts on
gross domestic product and employment, respectivelgre6 and Figure7). Overall, by the year 2050,

the median gross domestic product from our siations resulted in $2.1 billion less than 2019 values

(The 16h percentile had a $1.1 billion reduction in gross domestic product while tkie @€rcentile

scenario resulted in a $2.3 billion reductif2©12 US$]Figure6]). Our median simulations shotlhiat

Maine would also have 21,549 fewer people employed in 2050 (TtiepEdcentile scenario resulted in
11,344 fewempeople employedn the year 2050while the 9Qh percentile scenario had 23,880 fewer

people employedn 2050 Figure7])12. These three percentiles are meant to show pussibilities of
employment and gross domestic product as a result of varying storm scenarios. These should not be
interpreted as a confidence interval as we only ran these three scenarios through REMI because it is not
feasible to run all 10,000 simulatis.

121n order to measure the percentiles of the job loss, we tookdterall jobyears lost by summing the jobs lost in
each year over every scenario. With this method, the worst scenarios of storms equated to worse scenarios for
jobs, while just looking at the year 2050 could be skewed from few storms until a bad staf080n
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Figure6. GDRn Maine Between 2020 and 205@ased onJb LossDue to Sealevel Rise and
Storm Surge
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Figure7. Employment in MaineBetween 2020 and 2058ased on Job Lod3ue to Sea Level
Rise andStorm Surge

Flood impacts tdransportation: Currentand future floodrisk maps indicate that we can expect major
disruptions totransportationinfrastructureacrossMaine. Table26 summarizegransportation
infrastructureat risk todirectflood exposurdidentified by overlayingtransportation assets and flood
risk zones througlyeospatiabnalysi.

WERG 39













































































































































